Tracking human body from video is important for many applications such as creating digital actors, However, when the intensity information is partly missing due to the occlusions, the parameter estimation can be easily failed. In this paper, we propose a human motion estimation method by minimizing both intensity change and torque applying to the body parts. The minimum torque criterion adds extra constraints during the motion estimation. This paper presents the theoretical background, and also experimental results that demonstrate the robustness of the tracking.
Introduction
Tracking human body from video is useful for entertainment applications such as creating digital actors and merging graphics with video [8] . If we can estimate 3D human motion from video, we would be able to use it as a motion capture method without expensive sensors.
The most of conventional method use image features such as gradient, silhouette, color segments, and image contours [1, 2, 3, 4, 5, 6] . However, when the intensity information is partly missing due to the occlusions, the parameter estimation becomes unstable. The similar problem occurs for silhouette based methods because hands and legs need to be separated from requires specialized studio setup that may be too costly for personal applications. In addition, it is still difficult to capture the whole appearance when the multiple people exists within the same camera view.
In this paper, we propose a human motion estimation method by minimizing both intensity difference and joint torque along the long action trajectory. The minimum joint torque criterion adds extra constraints during the motion estimation. We optimize the whole motion trajectory along the long image sequences to increase the robustness of the estimation.
This paper presents the theoretical background, and also experimental results that demonstrate the robustness of the tracking. We show that the complex, dynamic human action such as dance sequences can be captured from video.
Overview
Capturing actor's motion and interaction from video is useful for creating interactive movies because we do not need expensive studios for motion capture (Fig.l) . The existing movie or television footages can be also used for learning actor's behaviours. We increase the robustness of the tracking by using the long image sequences, and minimizing joint torques along the motion trajectory. We represent the continuous angler motion in a few parameters using the hermite interpolation to decrease the degree of freedom. The parameter reduction also helps the faster convergence and the increases in the stability. The body models are approximated by a polyhedron made by CAD modeler. The model has a tree structure with a root at the trunk, and has a local coordinate system whose origin is located at a joint. The dynamic model of human body can be derived from Newton-Euler method.
In the following sections, we explain the detail of the dynamic modeling of the human body, and the optimization of joint torque along the motion trajectory.
Dynamic Modeling of Human Body
Newton-Euler formulation desribes the motion of the links in terms of a balance of forces and moments acting on it [7, 8] . Consider the generic augmented link of the human body kinematic chain. Newton equations for the translational motion of the center of mass can be written as
F=mv
( 1) The Eular equations for the rotational motion of the link (referring moments to the center of mass can be written as Once the joint positions, velocities and accelerations are known, one can compute the link velocities and accelerations, and the Newton-Euler equations can be utilized to find the forces and moments acting on each link in a recursive fashion, starting from the force and moment applied to the end effectors. On the other hand, also link and rotor velocities and acceleration can be computed recursively starting from the velocity and acceleration of the base link. In sum, a computationally recursive algorithm can be constructed that features a forward recursion relative to the propagation of velocities and accelerations and a backward recursion for the propagation of forces and moments along the structure.
Let the human body has s branch, and branch k has n k (k = ... ,s) links.
The calculation of the joint torque can be done in the following steps. 1) The acceleration, angular velocity, angular accelerations of blanch I, oth link can be specified as
2) Compute vI, w:' w: from i = 1 to n l for branch!.
3) The initial value of the angular velocity and angular accelerations of
(5) (6) where Bk is a 4x4 coordinate transfonn matrix from a parent branch to a child branch in a homo,geneous coordinate system. B shS\ws the left -above 3 x3 matrix of B k, and B is a right -above matrix of (Bk) . cob is a branch number of branch k, and col is a link number of branch k. where Zo = [0 0 If
The equation of the human motion dynamics can be represented as follows: (9) where M(q) is inertia tensor matrix, h(q,q) represent centrifugal and Corio Ii's force, g(q) is a gravity term, q is a joint angle.
Right side of eq. (9) consists of constant values except angler velocity and angler accelerations. Therefore we can obtain the joint torques by specifying them as described in Sec. 4.2
Optimizing Motion Trajectory
In this section, we show the motion tracking method using the minimum torque criterion. We optimize the joint torques along the whole motion trajectory, and also the least squares difference of image intensity.
Initial estimate of motion trajectory
First we obtain initial estimate of motion trajectory by using the sparsely estimated 3D pose and the simple interpolation technique. We use the silhouette-based pose alignment algorithm [8] for the initial estimation. This type of pose estimation technique is only useful when the hands and legs are clearly separated from the body. Therefore we still need the global optimization technique to estimate continuous human motion at every frames.
We use the curve fitting by the piecewise hermite interpolation using the 3 rd order bezier-spline. We need to specify the sample point and tangent vectors to estimate the curve. Let the node of n + 1 beQo,Qp ... ,Qn' we can obtain the tangent vectors by
Then we obtain the interpolated curve {PC t) IO:S; t :s; n} where t is a frame number. We use p(t) as an initial value for the pose estimate. Such parametric representation also has the advantage of decreasing the degree of freedom to stabilize the estimation.
Obtaining angular velocity and acceleration
To estimate joint torque using eq. (9), we need an angular velocity and angular acceleration of the joint angle. 
Evaluation function and optimization
The total of joint torques Tk at k th link Link _ k can be calculated using the torque value 'C' f at f th frames:
f is from 1 to jMax -2 because the velocity and acceleration can be only estimated within these frames from eq. (11), (12). The resulting 'C' f has the same range.
The total of the intensity value D k of Link _ k can be obtained as (14) where if is the total of intensity valued of each area corresponding to the body parts. The occlusion by the body parts can be judged by using the 3d body model and z-buffer. By using eq.(13), (14), the evaluation function can be written as
where is a weight functions. We use the greedy method to optimize eq. (15). By perturbing the control points of spline curve around the small neighborhoods, we find the motion trajectory which minimize eq.(15). In our experiments, this simple optimization algorithm works well for complex actions.
Experiments
We have implemented our algorithm using standard PC to test the effectiveness of the tracking. Fig.3 shows the result of tracking using the video sequence including complex and dynamic behavior.
Conclusions
We proposed a human motion estimation method by minimizing both intensity change and torque applying to the body parts. The minimum torque criterion adds extra constraints during the motion estimation. We also demonstrated the performance of our algorithm using the complex behaviours such as dance sequences. In future, we extend our algorithm to estimate articulated and non-rigid motion such as animals.
